; see also Fischer 1981 Fischer , 1984a Lloyd 1983) predicted that for simultaneous hermaphrodites, and specifically barnacles, individual fitness would be maximized when the proportion of reproductive resources devoted to male function (q) varied according to the function q = (k -1)/(2k -1) '
(1) or, as solved for female function,
where k = number of potential sperm donors within a mating group and k + 1 = the size of the mating group. Hence, in small mating groups, investment in male function should be small relative to female function. However, as the size of the mating group increases so too should allocation to male function until it reaches 50% of reproductive resources. This is the theoretical optimum for individuals in large mating groups (Charnov 1982 (Charnov , 1987 ; see also Maynard Smith 1971 , for obligate outcrossing individuals with external fertilization). Assuming that fitness varies as predicted by equation (1) (or [2] ), there are two conditions that, if met, would ensure that a simultaneous hermaphrodite maximized its fitness. First, individuals must be able to accurately count their potential mates. Barnacles may meet the first condition through their use of a "sensory penis" with which they sample their immediate surroundings (Klepal et al. 1972; Munn et al. 1974; Barnes et al. 1977) . When the penis is used as a sensory device, the number of individuals within fertilization range when the penis is used for internal insemination could be determined.
The second condition, which we examine in this paper, is that individuals have the ability to regulate the allocation of reproductive resources to male and female function in response to the number of potential mates. To our knowledge, this idea has not previously been tested.
STUDY ORGANISM AND SITE
The barnacle species used in this study was Catomerus polymerus, the characteristic "surf" barnacle of eastern Australia (Dakin et al. 1976) . Catomerus are simultaneous hermaphrodites, and mating between individuals involves the transfer of sperm, through a penis, from one animal to the mantle cavity of another. Once fertilized, eggs are brooded as two flattened masses (lamellae) within the test of the barnacle. Reproductive patterns of Catomerus have been examined in both New South Wales and Tasmania. There have been no published investigations of reproductive activity in Victorian populations. In New South Wales, individuals with egg masses have been found throughout the year (Wisely and Blick 1964; Mackiewicz 1975; Egan and Anderson 1989) . Peak periods of reproductive activity in these studies were fall and winter, when between 40% and 75% of individuals were gravid. Based upon the long period of reproductive activity in New South Wales, Mackiewicz (1975) has suggested that Catomerus may produce more than one brood a year. In Tasmania, reproduction has been examined between March and August, inclusively (Fleming 1986) , and the percentage of individuals with egg masses ranged from 5% (June) to 45% (March).
Barnacles were collected at an exposed sandstone promontory at Griffith Point in southern Victoria, Australia. At this site, Catomerus occurs in large patches in which there are clusters of high and low density. Hummocks, aggregations of elongated, nonconical individuals that are common in dense aggregations of many barnacle species (Barnes and Powell 1950) , are absent at Griffith Point. Hemioniscus balani, an isopod parasite of many species of barnacles (Crisp 1968) , was not found in any of the Catomerus we examined. We mention this because the action of Hemioniscus could complicate or confound our estimation of allocation of reproductive resources to male and female function because it parasitizes by castration and because rates of parasitism by Hemioniscus have been shown to increase with host density and degree of aggregation (Blower and Roughgarden 1989) .
METHODS
Throughout this article we will be using the terms "female function" and "male function." Our estimate of female function was egg mass and our estimate of male function was the mass of sperm, seminal vesicles, and testes.
Ratio of Egg Mass to Body Mass for Individuals from Small and Large Mating Groups
Because male function was difficult to quantify in Catomerus, as it is in other barnacles (Wu et al. 1977) , we first tested the idea that individual Catomerus had higher egg mass to body mass ratios (EB-ratios; this essentially is a measure of the proportion of body mass that is devoted to expendable female function) in small mating groups compared to those in large mating groups. Such a result would support the hypothesis that individuals regulate their allocation of reproductive resources (eqq.
[1] and [2]), but it would not eliminate two alternative hypotheses, which will be discussed later. In March and April 1989 (periods 1 and 2), we collected two types of individuals: (1) those in large mating groups-within mating distance of three or more conspecific individuals (n = 26, 62 for periods 1 and 2, respectively) and, (2) those in small mating groups-only one conspecific individual within mating distance (n = 62, 130) . Within a collection period, all individuals were removed from a single rock ledge upon which small and large mating groups were interspersed. This sampling procedure ensured that individuals from both mating group sizes were from the same tidal height and were similar in their exposure to other physical or biotic factors. Clean removals of individuals from the rock surface were quite difficult as Catomerus has no calcareous basal plate. This meant that we had to remove, intact, the underlying rock with each barnacle so that tissue was not lost. Each barnacle had a minimum aperture length of 7 mm because in preliminary surveys those with aperture lengths less than 6 mm were usually immature. Maximum mating distances for Catomerus of this size were determined based upon laboratory observations of mating behavior (n = 204 observations of 20 individuals). In these observations the maximum distance an individual could extend its penis when attempting to mate was measured. There was a significant positive relationship between maximum mating distance and individual size, as estimated by aperture diameter (maximum penis extension = 0.915 mm x aperture length + 4.472 mm; F = 12.067, df = 1, 18, P = .003). This result was consistent with that of Fleming (1986) who found a positive relationship between individual size and dissected penis length for Tasmanian populations of Catomerus. Our observations indicated that an average-sized Catomerus (aperture diameter 7-9 mm) in dense aggregations may mate with three to seven adjacent individuals (X = 4.0, SE = 0.2, n = 30).
Individuals in small mating groups were at least 7 cm from all individuals other than their designated "mate"; for reference, the maximum penis extension we measured in our laboratory observations was 3 cm.
After collection, each barnacle was opened, and those without ovigerous lamellae were discarded. We also discarded individuals that upon microscopic inspection appeared to have been damaged when collected. All collected individuals were used to determine the proportion from each group that had ovigerous lamellae. Three measurements were made with electronic callipers on the remaining barnacles: basal diameter, aperture diameter, and test height. These measurements were used to calculate the volume of each individual; individual shape, for this purpose, was considered to be a truncated cone. Egg masses were then removed from all barnacles and weighed with a balance (accurate to the nearest 0.1 mg) after they were dried in an oven at 60°C for 24 h (drying times were determined from trial experiments).
Body masses of the barnacles were determined as follows. The remaining tissue and shell were dried for 36 hand then weighed (as above). It was then immersed in sodium hypochlorite (bleach) for 24 h to dissolve all of the soft tissue. After a series of rinses with distilled water, the remains were dried in an oven for 48 h and then weighed. The dry weight of the body tissue was calculated as the difference in dry weight before and after the bleach treatment. Body mass of the individual was calculated as the sum of the dry tissue and egg mass. Egg mass to body mass ratios were compared with an ANCOV A in which mating group size and period were considered main effects and test volume was the covariate. Test volume was used as a covariate here, and in the surveys described below, so as to account for variability in EB-, ESV-(egg mass to sperm, seminal vesicle, and testes mass), and RB-(reproductive mass to body mass) ratios due to variability in the sizes of collected individuals. Because Catomerus brood eggs within the test, egg mass should be correlated with test volume (but ratios may not be).
The results of this survey showed that EB-ratios were greater for individuals in small mating groups. There are at least three hypotheses that are consistent with this result (table 1). l. Allocation adjustment.-Individuals regulate reproductive allocation in accordance with the Charnov model. Assume that resources available to individuals do not differ between small and large mating groups.
2. Increase in reproductive investment.-lndividuals in small mating groups have greater access to resources (some sort of density-dependent effect) and can devote more energy toward reproduction in general. Investment in both male and female function increases proportionally under this hypothesis. Therefore, the increase in EB-ratio for individuals in small mating groups does not reflect an increase in the relative allocation to female versus male function (hypothesis 1). The major assumption of this hypothesis is that allocation of resources to reproduction occurs after the energetic costs of growth and maintenance are paid (see Wethey 1984) .
3. Increase infemalefunction.-Same as hypothesis 2 except that the increase in resources devoted to reproduction is allocated to female function and not to reproduction in general.
Hypotheses 2 and 3 are based on the assumption that resources increase for individuals in smaller mating groups. Evidence for this is equivocal. Growth (total biomass) of Ba/anus glandula (Wu 1980; Wethey 1984) and Elminius modestus (Crisp and Davies 1955) has been shown to be negatively density-dependent.
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However, Crisp (1960) found no significant difference in the growth of crowded and uncrowded Semibalanus balanoides, and Wethey (1984) found that individual Semibalanus balanoides, and Chthamalus dalli in high-density patches actually grew faster than did individuals in low-density patches.
Irrespective of whether density affects the resources available to each individual the hypotheses are testable and can be separated as shown in table 1. Assume EB-ratios are higher for individuals in small mating groups. If the ratio of female to male function is also greater in small mating groups, then hypothesis 2, increase in reproductive investment, can be rejected. Hypothesis 3, increase in female function, could be rejected if the ratio of reproductive mass to body mass [(egg mass + sperm, seminal vesicle, and testes mass)/body mass] is similar between small and large mating groups as this would indicate that there was no increase in allocation of resources to reproduction (an assumption of hypothesis 3). There would still be evidence for regulation of reproductive resources if hypothesis 3 is supported; however, its cause would be unclear because both mating opportunity and (apparently) food availability differed between small and large mating groups.
To test the alternative hypotheses we performed two additional surveys.
Ratio of Female Function to Male Function [egg mass!( sperm, seminal vesicle, and testes mass)] for Individuals in Small and Large Mating Groups
If individuals adjust allocation of resources to sexual function so as to maximize fitness as predicted by equations (1) and (2), then this ratio of female to male function should be higher for individuals in small mating groups. From each barnacle collected in April that had egg masses, seminal vesicles and testes containing sperm were dissected, dried at 60°C for 24 h, and weighed (to the nearest 0.1 µg). If the seminal vesicles or testes were ruptured during dissection the individual was not used as sperm was lost. Egg and body masses were determined as above. The ratio of egg mass to sperm, seminal vesicle, and testes mass (ESVratio) was compared between groups by using an ANCOVA in which mating group size and shell volume were treated as a fixed factor and covariate, respectively.
Ratio of Reproductive Mass to Body Mass for Individuals in Small and Large Mating Groups
We compared the reproductive mass to body mass ratios [RB-ratio: (egg mass + mass of sperm, seminal vesicle, and testes)/body mass] for individuals collected (as above) in April 1989, from small and large mating groups. Ratios were compared between groups by using an ANCOVA in which mating group size and shell volume were treated as a fixed factor and covariate, respectively.
RESULTS

Ratio of Egg Mass to Body Mass for Individuals from Small and Large Mating Groups
Egg to body mass ratios (EB-ratios) were significantly greater for individuals in small mating groups than for those in large groups (table 2; fig. la ). There was Norn.-The interactions between test volume and mating group size, and test volume and period, were not significant, indicating slopes were homogeneous. Sample sizes: large mating groups, n = 9, 11 for periods 1 and 2, respectively; small mating groups, n = 25, 24. Small Large MATING GROUP SIZE Fm. 1.-a, The ratio of egg mass to body mass for individuals from small and large mating groups (see table 2). Error bars represent(±) 1 SE. b, The ratio of female function to male function (untransformed data) for individuals from small and large mating groups (see table  3 ). Error bars represent(±) 1 SE.
no effect attributable to sample period, test volume, or to the interaction between mating group size and sample period. Also, similar-sized individuals were sampled as there was no difference in test volumes between the two mating groups (F = 0.042, df = 1,67, P = .837).
The proportion of collected individuals with ovigerous lamellae did not vary as a function of mating group size for either sample period. In the first period, 12 of 1212 THE AMERICAN NATURALIST 
NoTE.-Data were transformed log(X + 1) to meet the assumption of homoscedasticity (Zar 1974 ). The interaction between test volume and mating group size was not significant, indicating slopes were homogeneous. Sample sizes: large mating groups, n = 11; small mating groups, n = 25. NoTE.-The interaction between test volume and mating group size was not significant, indicating slopes were homogeneous. Sample sizes: large mating groups, n = 11; small mating groups, n = 24.
TABLE 4 EFFECT OF MATING GROUP SIZE AND TEST VOLUME (COVARIATE) ON THE REPRODUCTIVE MASS TO BODY MASS RATIO [(EGG MASS + SPERM, SEMINAL VESICLE, AND TESTES MASS)/BODY MASS) SOURCE OF VARIATION df ------· -----· ---· · -------
The difference in sample size between tables 3 and 4 is because the somatic· tissue of one individual was lost.
26 individuals from large mating groups and 29 of 62 individuals from small ones had ovigerous lamellae (x 2 < 0.01, P = .958). In the second period the figures were 11 out of 62 and 30 out of 130, for large and small mating groups, respectively (x 2 = 0.71, P = .399). There was also no difference ifthe data for the two periods were pooled Cx2 = 0.61, P = .433).
Ratio of Female Function to Male Function [egg mass!( sperm, seminal vesicle, and testes mass)] for Individuals in Small and Large Mating Groups
The ratio of female to male function (ESV-ratio) was significantly greater for individuals in small mating groups compared to that for individuals in large mating groups (table 3; fig. lb) . Test volumes were similar between groups (F = 0.901, df = 1,34, P = .349) and did not affect ESV-ratios (table 3) . These results are direct evidence that individual Catomerus can regulate their allocation of reproductive resources to female and male function.
Ratio of Reproductive Mass to Body Mass for Individuals in Small and Large Mating Groups
The ratio of reproductive mass to body mass did not differ between individuals from small and large mating groups (table 4). Test volumes were similar between groups (F = 0.389, df = 1,33, P = .537) and did not affect the ratio. Thus, there is no evidence that individual investment in reproduction was greater in small mating groups.
DISCUSSION
An inverse relationship exists between the mating group size and the egg to body mass ratio in the barnacle Catomerus polymerus (table 2; fig. la ). This result is consistent with Charnov's (1980 Charnov's ( , 1982 Charnov's ( , 1987 hypothesis that simultaneous hermaphrodites occurring in small mating groups will channel a larger proportion of their reproductive resources into female function than those in larger mating groups (allocation adjustment hypothesis, table 1). It is also consistent with at least two alternative hypotheses: (1) increase in reproductive investment and (2) increase in female function (table 1) .
Individuals from small mating groups had significantly higher ratios of female to male function than did those from large mating groups (table 3; fig. lb) . Thus, the hypothesis that higher egg to body mass ratios found in individuals coming from small mating groups is due to a general increase in reproductive investment can be rejected (table 1) . The final alternative hypothesis, that as a result of increased resource availability individuals from small mating groups had more resources to allocate to reproduction, and that these were allocated to female function, can also be rejected. There was no difference in allocation to reproduction (both male and female function) between small and large mating groups (table 4); this is also further evidence against the "increase in reproductive investment" hypothesis. Moreover, the comparison of the ratio of reproductive mass to body mass between small and large mating groups should be a conservative test of the allocation adjustment hypothesis. This is because sperm is continuously being expended whereas eggs are brooded for at least 2-wk periods. Hence, the mass of sperm, seminal vesicles, and testes will usually be an underestimation of allocation to male function when compared or added to female function; a better but extraordinarily difficult measure would include the mass of the sperm produced during the production of a brood of eggs. Individuals in large mating groups should theoretically invest at least as much (or more under the allocation adjustment hypothesis) into male function as individuals from small mating groups. This should favor finding greater allocation to general reproduction, as estimated by the ratio of reproductive mass to body mass, in individuals from small mating groups. However, as noted above, we found no difference in allocation to reproduction between small and large mating groups. Thus, the results of the three surveys show that Catomerus allocate proportionally more of their reproductive resources to female function when they occur in small mating groups than when they are in large ones, and they unambiguously support the allocation adjustment hypothesis (table 1) .
A number of investigators have suggested that allocation of reproductive resources into female and male function might vary with the size or age of an individual barnacle (see Charnov 1982) . We specifically controlled for individual size in this study, but we did not control for possible age-specific differences in sexual allocation patterns for individuals of similar size. While this potentially could complicate interpreting the results, we think it does not. First, while size and age are not always correlated, they usually are, and ontogenetic differences in sexual allocation patterns for barnacles are typically attributed to size (see Charnov 1982) . Second, the only reason for individuals of different ages but similar sizes to differ in their allocation to male and female function is that younger individuals partition resources to growth, reproduction, or maintenance differently than older ones and that the difference in resources devoted to reproduction affects sexual allocation. It follows that if differences in sexual allocation patterns from small versus large mating groups derive from ontogenetic differences, then allocation to reproduction should differ between groups. It did not (table 4) . Furthermore, we collected data for body masses for both the March and April surveys, and shell masses for the April survey, and neither differed by mating group size (body mass: F = 1.751, df = 1,67, P = .190; shell mass: F = 0.056, df = 1,34, P = .814), suggesting that allocation to growth and maintenance was similar for individuals from the two mating groups.
The allocation of reproductive resources to female and male function in simultaneous hermaphrodites has been investigated in coral reef fishes (Fischer 1980 (Fischer , 1981 (Fischer , 1984b Peterson 1987) , polychaete worms (Sella 1990) , and a variety of plants (Doust and Cavers 1982; Goldman and Willson 1986; McKone 1987) . For the purpose of investigating the predictions of sexual allocation theory in relation to mating group size, both botanical and zoological investigations may be confounded. In the botanic investigations, comparisons of sexual allocation patterns have been between species, typically outcrossers versus ones that self-fertilize. The results of these comparisons have invariably demonstrated that there is increased investment to male function in species in which individuals cross-fertilize. In zoological investigations, investment to female versus male function has been compared within species. Between-species comparisons are potentially confounded by species-specific energetic costs. For example, ifthe energetic expense of pollen production is variable between species, then ratios of female to male function including a measure for pollen are not comparable between species unless they reflect those differences in energy expenditure. Within-species comparisons also are potentially problematical in that the mating group size of studied individuals has either been fixed on a species level (Fischer 1980 (Fischer , 1981 Sella 1990) or is individually variable (Fischer 1984b; Peterson 1987 ). Therefore, the only possible comparison is the mass or caloric ratio (female to male function) to the prediction of a model for a mating group of size (X; see Charnov 1980 Charnov , 1982 Charnov , 1987 or one that averages size (X; Fischer 1984a). This is a problem because (1) there is no direct comparison of allocation patterns of individuals from differentsized mating groups, (2) there is an implicit assumption that the units of measurement are an accurate estimate of energy expenditure for both male and female function (i.e., energy expenditure per measured unit of male function is equal to that for female function), and (3) the proportion offemale and male function being measured must be the same. One hundred percent of both would be best, but similar proportions are acceptable. What is not acceptable is for female and male function to be unequally sampled as would probably be the case if, for example, the production time for sperm and eggs differed.
The comparison of the ratio of female to male function between individuals within a species from different-sized (but fixed-sized) mating groups avoids the complications noted above; Catomerus is an ideal species for such comparisons because individuals occur in mating groups of differing but generally unchanging sizes. There are obviously no problems involving species-specific differences in energetic costs as all comparisons are done within a species. The problems associated with within-species comparisons are also removed. First, comparisons are being made between mating groups of differing sizes. Second, because ratios are being compared between groups, there is no assumption that energy expenditure per measured unit of male function is equal to that for female function. Third, again because ratios are being compared between groups, there is no assumption that the proportion of female function being measured equals that for male function.
The results of this study indicate that Catomerus polymerus can regulate allocation of reproductive resources to female and male function in a manner consistent with the hypothesis proposed by Charnov (1980 Charnov ( , 1982 Charnov ( , 1987 . At this point we are unable to distinguish between the two types of phenotypic plasticity (in the sense of Bradshaw 1965 ) that this may represent (following Smith-Gill 1983) : (1) phenotypic modulation-a continuous phenotypic response to the environment, or (2) developmental conversion-an environmentally induced and typically irreversible switch between alternative developmental pathways resulting in distinct morphs. Irrespective of the type of plasticity exhibited, regulation of reproductive resources in Catomerus appears to be an adaptive trait in response to mating groups of varying size.
One final point: for the last two decades arguably the most perplexing questions in evolutionary biology have been those concerned with the origin and maintenance of sexual reproduction (Williams 1971 (Williams , 1975 Maynard Smith 1971 , 1978 Bell 1982; Stearns 1987; Michod and Levin 1988) . This is, at least in part, because of the recognition that there were disadvantages in reproducing sexually compared to reproducing asexually (see Lively and Lloyd 1990) . One disadvantage (or cost) is the "cost of meiosis," or the reduction in genetic contribution to progeny for sexually reproducing organisms (Williams 1971 (Williams , 1975 . The other, separate (Lively and Lloyd 1990) disadvantage is the "cost of males or male function" for dioecious or hermaphroditic species, respectively (Maynard Smith 1971 , 1978 . For hermaphrodites, it follows that the latter cost could be diminished by a reduction in allocation to male function. Note, however, that the type of cost (meiosis vs. male function) has been shown to depend upon the type of asexual alternative (parthenogenic vs. vegetative progeny); a reduction in male function reduces the cost of sex only compared to a vegetative alternative (Lively and Lloyd 1990) . A reduction in male function is, in theory, not possible for individuals in large mating groups, as competition for mates (eggs) favors equal allocation of reproductive resources to male and female function (Maynard Smith 1971; Charnov 1980 Charnov , 1982 Charnov , 1987 . However, the results of the present study show that for small mating groups ( <6-7 individuals), in which competition for mates (eggs) is reduced, individual allocation of reproductive resources to male and female function can vary with mating group size. This suggests that, in certain situations, the individual cost of reproducing sexually versus asexually may vary with mating group size.
